of these dogs when reference intervals (RIs) are used that refer to the general canine population. No information is available about the need to establish breed-specific RIs for SSs. However, the establishment of these RIs should be a first step to better explain laboratory data from this breed and to better diagnose diseases, such as hyperlipidemia and GM that have been reported in SSs. In fact, several breeds have physiological peculiarities that induce variations in RIs compared with the general canine population, 9, 10 and in these breeds, clinical decisions must often be based on comparisons between patient laboratory test results and breedspecific RIs.
This study aimed to determine whether RIs used for the general canine population could be applied to Italian SSs to generate breedspecific RIs following the guidelines published by the American Society of Veterinary Clinical Pathology (ASVCP) when the general RIS were not validated. 11 In addition, we investigated whether sex, use, age, or coat color could influence hematologic and biochemical variables in this breed.
| MATERIALS AND METHODS

| Study design and sample collection
All the dogs included in this study were privately owned, primarily indoor, and lived in Northern Italy.
During the collection of specimens, the outdoor temperature was between 42°and 50°F. The study was approved by the Ethical Committee of our Institution (approval number: OBPA 1/2016) and an informed consent was obtained from
the owners of the dogs. Blood was collected from the cephalic vein using a 2.5 mL syringe connected to a butterfly needle; One ml of blood was obtained for routine hematology and placed immediately into K 3 -EDTA tubes with a maximum capacity of 1 mL (Miniplast; LP Italiana S.p.A., Milan, Italy). Remnant blood was transferred into a plain tube (Vacuette; Greiner Bio-One GmbH, Kremsmünster, Austria) with a maximum capacity of 5 mL. After 10 minutes, plain tubes were centrifuged at 200 × g for 5 minutes to obtain serum that was then transferred to plain conical tubes (Eppendorf AG, Hamburg, Germany) and frozen at −20°C. Immediately after arrival at the laboratory and within a 6-hour maximum, complete cell blood counts (CBCs) were performed, and serum was stored at −20°C to perform biochemical analyses within 1 week. Samples were collected during breeder meetings or before agility competitions from 12-hour fasted animals after clinical histories were collected, and physical examinations were completed. Agility competitions were performed 5 hours after sampling, to enable the dogs to be fed.
The inclusion criteria for this study were Lipemia in clinically healthy and fasted dogs was not considered "a priori" for exclusion since one of the aims of the study was to assess the base lipid concentrations in potentially hyperlipidemic SSs. Table S1 .
| Statistical analysis
The transference method 16 was used to compare the results of 20
SSs, randomly selected from a dataset, with the RIs of the general canine population used in our laboratory. In turn, our RIs were generated with the transference method using RIs published in textbooks, 17, 18 except for glucose, urea, potassium, calcium, phosphate, ALT, ALP, GGT, and total proteins; the RIs of these latter analytes were generated in-house, from samples of clinically healthy dogs using the same preanalytical and analytical approaches of this study, 
| RESULTS
Samples from 60 clinically healthy and fasted SSs (24 males, 1 neutered male, 31 females, and 3 spayed females) with a median age of 3.5 years (age range, 1-8 years) were examined. This caseload represented 36% of the population registered at the Italian National Breed association.
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All the dogs fulfilled the inclusion criteria described above. No sample was hemolytic, icteric, or lipemic. Hematologic RIs were determined for 58 samples (2 samples in EDTA were clotted), which fulfilled the criteria for using the automated counts; therefore, only results with automated leukocyte differentials were used. Sodium and potassium were only evaluated in 40 dogs and chloride was evaluated in 36 dogs, due to insufficient collected serum volumes.
Other biochemical analyses were performed in all the 60 SSs.
No dogs developed clinical signs of disease for 30 days after samples were obtained.
| Comparison with claimed RIs and establishment of new RIs
The percentage of observations falling outside of the RIs in use in our laboratory is reported in Table 1 . Based on these results, the transference method validated 15/16 hematologic and 7/14 biochemical RIs. For 8 variables, the claimed RIs were rejected, and new RIs were created (Table 2) . Histograms displaying the distribution of data for these 8 variables are reported in Figure S1 . Reported RIs currently used in use in our laboratory; dashes (-) indicate that samples were not tested in the 2 nd analysis since it was not needed, based on the first analysis results.
for platelets is too low not to be associated with clinical signs.
However, falsely low platelet counts can frequently occur in dogs, due to the difficulties of automated instruments to correctly differentiate platelets from erythrocytes or platelet clumping. 12 Low platelet counts, usually associated with increased mean platelet vol-
umes (macrothrombocytopenia) are reported in Cavalier King
Charles Spaniels. 23 However, the SS MPVs were not increased compared with the general canine population, and blood smears did not reveal the presence of macroplatelets. Conversely, platelet clumps were found in only 2 samples, and the platelet estimate was adequate in all the samples. This suggests that platelet counts may have suffered from an analytical artifact that lowered the actual number of platelets present in the samples (pseudothrombocytopenia), as often occurs with automated cell counts based on the impedance method. 14,18 Therefore, the lower limit of platelet counts should be cautiously interpreted, and it is advisable to continue to use the claimed RIs, with the recommendation of paying particular attention to the presence of platelet clumps on smears.
The distribution of data regarding total protein and phosphate levels did not find any evidence of possible preanalytical or analytical artifacts, and therefore, either the transference method or the newly established RIs could theoretically be acceptable. However, either the lower or the upper reference limit of both these variables are so similar to those of the general canine population that it may be superfluous to use a different RI; and therefore, it would be more practical to use the RI that refers to the general canine population. As a support to the hypothesis for both the variables, the difference between the claimed and the newly established RIs corresponds to the intrinsic variability of the method (see Table S1 ). Finally, the high proportion of samples on which the triglyceride concentrations were higher than the claimed RIs likely depends on the inadequacy of the latter. The RI in use in our laboratory for triglycerides (0.43 mmol/L) was transferred from previously published RIs 24 and validated following the ASVCP guidelines described above, but other textbooks or articles report that the upper reference limit for this variable could be as high as Conversely, breed-specific RIs should be used for glucose and total cholesterol in SSs to reduce the misinterpretation of laboratory results. In these cases, the presence of preanalytical or analytical artifacts (eg, assumption of propylene glycol, dexmedetomidine, or fentanyl administration) 25 is unlikely. Theoretically, high glucose concentrations could depend on the stress associated with sampling or traveling to breed meetings, presumably from epinephrine 26 or cortisol 27 secretion; an increase in glucose blood concentrations could also be caused by intense physical activities 25 that was not reported in these dogs. However, no other signs of stress (eg, lymphopenia) were found, and the dogs included in this study were accustomed to traveling and participating in competitions. Therefore, it can be assumed that glucose concentrations in this breed are constitutively slightly higher than in other dogs.
Also, cholesterol RIs were higher compared with those of the general canine population. However, all the dogs presented with cholesterol levels lower than 12.95 mmol/L, which is considered a clinically relevant value. 7 However, the serum cholesterol RI (and the confidence interval of its upper limit) were very wide due to the presence of a single dog with a serum cholesterol concentra- 4 We also did not confirm primary hyperlipidemia that was demonstrated in other studies, such as in the studies by Sato et al, 3 and Mori et al 28 that found high concentrations of both triglycerides and total cholesterol.
However, the samples in these studies were obtained from nonfasted dogs, which could have induced higher serum concentrations of both variables depending on when the animals were fed.
A trend of hypercholesterolemia was found in many of the clinically healthy SSs in the current study. Therefore, further studies are needed to investigate if primary hyperlipidemia can occur in this breed. This could be interesting since primary hyperlipidemia has been reported as a possible predisposing factor for gallbladder disorders, which are common in this breed. No other age-related differences were found, likely because of very young or old dogs, which might be more predisposed to have hematologic or biochemical variable differences compared with healthy adult dogs, were not included in this study.
No significant differences were found regarding coat color, which
was different from what was reported in dogs with coat color mutations that are associated with sensory organ disorders, disturbed reproduction, and skin diseases, both in human and veterinary medicine.
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Regarding gender-related differences, Mori et al 28 found that hypertriglyceridemia was more frequent in females, whereas hypercholesterolemia was more prevalent in males. However, our study results did not confirm these findings. Conversely, the significant gender-related ALT difference recorded in our study was not reported in previous studies. Mean and median values were within the RIs of the general canine population in both groups; clinical signs potentially associated with hepatocellular damage (eg, apathy, inappetence, jaundice, vomiting, acholic feces, weight loss, polyuria/polydipsia, and distended abdomen) 30 were never detected in this study even if on occasion, we could not rule out hepatocellular injury without performing further diagnostic tests (ultrasound examination and liver biopsy). Therefore, in the absence of a reason for increased ALT, this finding could be considered nonbiologically relevant. Based on results of the Harris and Boyd's test for partitioning, separate RIs for male and female dogs should be used for ALT. However, establishing RIs for partitioned groups requires a dataset of at least 120 samples per group 11, 20 ; and therefore, this approach was not followed in this study due to the low number of cases per group. Thus, F I G U R E 2 A scatter plot representing the negative correlation between cholesterol concentration (Tot Chol) and age. A weak correlation was found (r 2 = −0.026; P = 0.045). The gray line indicates the fitted value, the thin dotted lines indicate the 90% CI, and the dotted line is the reference band. Each symbol "+" indicates the result of each individual dog further studies with a larger cohort of dogs should be run to establish gender-related RIS in SSs.
In conclusion, this study suggests that breed-specific RIs should be used for glucose and cholesterol in SSs to reduce the misinterpretation of laboratory results, which confirms that the recommendation to generate breed-specific RIs, for some variables, as recently suggested in both dogs 31, 32 and cats, 33, 34 could also be valid in this breed.
However, the current study demonstrated some additional peculiarities, such as a significant difference between male and female ALT activities. Conversely, this study did not confirm the presence of primary hyperlipidemia in SSs, although monitoring cholesterol values close to the upper limit in newly generated RIs is recommended to exclude possible occult or impending gallbladder disease.
These conclusions could be used as a starting point for further investigations about the SS breed and the possible predisposition of these dogs to a variety of diseases.
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